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Childhood Cancer Mortality Trends in the Americas and 
Australasia: An Update to 2017

Matteo Malvezzi, PhD 1; Claudia Santucci, ScD1; Gianfranco Alicandro, PhD 2; Greta Carioli, PhD1; Paolo Boffetta, MD3,4;  

Karina Braga Ribeiro, DDS, PhD 5,6; Fabio Levi, MD7; Carlo La Vecchia, MD 1; Eva Negri, ScD1;  

and Paola Bertuccio, PhD 8

BACKGROUND: Marked reductions in childhood cancer mortality occurred over the last decades in high- income countries and, to 

a lesser degree, in middle- income countries. This study aimed to monitor mortality trends in the Americas and Australasia, focusing 

on areas showing unsatisfactory trends. METHODS: Age- standardized mortality rates per 100,000 children (aged 0- 14  years) from 

1990 to 2017 (or the last available calendar year) were computed for all neoplasms and 8 leading childhood cancers in countries from 

the Americas and Australasia, using data from the World Health Organization database. A joinpoint regression was used to identify 

changes in slope of mortality trends for all neoplasms, leukemia, and neoplasms of the central nervous system (CNS) for major countries. 

RESULTS: Over the last decades, childhood cancer mortality continued to decrease by approximately 2% to 3% per year in Australasian 

countries (ie, Japan, Korea, and Australia), by approximately 1.5% to 2% in North America and Chile, and 1% in Argentina. Other Latin 

American countries did not show any substantial decrease. Leukemia mortality declined in most countries, whereas less favorable trends 

were registered for CNS neoplasms, particularly in Latin America. Around 2016, death rates from all neoplasms were 4 to 6 per 100,000 

boys and 3 to 4 per 100,000 girls in Latin America, and 2 to 3 per 100,000 boys and approximately 2 per 100,000 girls in North America 

and Australasia. CONCLUSIONS: Childhood cancer mortality trends declined steadily in North America and Australasia, whereas they 

were less favorable in most Latin American countries. Priority must be given to closing the gap by providing high- quality care for all chil-

dren with cancer worldwide. Cancer 2021;127:3445-3456. © 2021 The Authors. Cancer published by Wiley Periodicals LLC on behalf of 

American Cancer Society This is an open access article under the terms of the Creative Commons Attribution- NonCommercial- NoDerivs 

License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non- commercial and 

no modifications or adaptations are made. 

LAY SUMMARY: 

• Advances in childhood cancer management have substantially improved the burden of these neoplasms over the past 40 years, par-

ticularly in high- income countries.

• This study aimed to monitor recent trends in America and Australasia using mortality data from the World Health Organization.

• Trends in childhood cancer mortality continued to decline in high- income countries by approximately 2% to 3% per year in Japan, 

Korea, and Australia, and 1% to 2% in North America.

• Only a few Latin American countries showed favorable trends, including Argentina, Chile, and Mexico, whereas other countries with 

limited resources still lagged behind. 

KEYWORDS: America, Asia, cancer, childhood, mortality, Oceania, trends.

INTRODUCTION
Cancer is among the top 10 leading causes of death among children worldwide.1,2 Over 200,000 new cases and 70,000 
cancer deaths at age 0 to 14 years were estimated in 2018 worldwide. Of these, over 80% occurred in low-  and middle- 
income countries, where specialized pediatric centers are located in major cities only, resources are limited, and standards 
of care cannot be guaranteed.2- 7 Restricted access to care for children living in rural areas often results in delayed diagno-
sis, high toxicity, and treatment discontinuation with unfavorable effects that undermine the achievement of the high- 
survival rates observed in high- income countries.3,8- 10

Despite the advances in early diagnosis and treatment of pediatric cancers, substantial differences in mortality 
between high- income and low- /middle- income countries persist.8,11- 14 Childhood cancer mortality trends showed 
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steady declines from 1970 to 2007 in selected countries 
from North America and Australasia, whereas patterns 
were less favorable in most Latin American countries, 
with rates of approximately 5 per 100,000 boys and 
4 per 100,000 girls aged 0 to 14 years in 2005- 2007, 
comparable to those registered in high- income coun-
tries in the early 1980s.14

To monitor recent trends in childhood cancer mor-
tality in those areas, we updated the analysis of mortal-
ity up to 2017 based on the World Health Organization 
(WHO) database.

MATERIALS AND METHODS
From the WHO mortality database, we extracted the 
numbers of deaths at 0 to 14 years of age from all neo-
plasms malignant and benign combined (codes of the 10th 
Revision of the International Classification of Diseases [ICD- 
10]: C00- D48) in selected countries from the Americas 
and Australasia from 1990 up to 2017 (or the last available 
year).15 We also considered cancers of the liver (ICD 10 
code: C22), bone and articular cartilage (ICD 10 codes: 
C40- C41), connective and soft tissue (ICD 10 codes: 
C47, C49), kidney and other urinary sites (ICD 10 codes: 
C64- C66, C68), eye (ICD 10 code: C69), neoplasms of 
the central nervous system (CNS; including benign, ma-
lignant, and those of uncertain or unknown behavior of 
brain and CNS; ICD 10 codes: C70- C72, C75.1- C75.3, 
D32- D33, D43), non- Hodgkin lymphoma (NHL; ICD 
10 codes: C82- C85, C86, C88, C96), and leukemia (ICD 
10 codes: C91- C95), also including acute lymphoblastic 
leukemia (ALL; ICD 10 code: C91.0) and acute myelo-
blastic leukemia (AML; ICD 10 code: C92.0) separately. 
When a different revision of the ICD was used, we recoded 
the causes of death for each country and calendar year ac-
cording to the ICD- 10.16 For neoplasms of the CNS, we 
only used data registered according to the ICD- 10 because 
it had a new and expanded coding system.17

We also extracted estimates of the resident popula-
tions from the same WHO database based on official cen-
suses for countries from Australasia.15 For the American 
countries, we retrieved population data from the Pan 
American Health Organization.18

We analyzed the data for 18 countries (12 from 
the Americas and 6 from Australasia), selected accord-
ing to population size (over 500,000 inhabitants aged 
0- 14 years) and estimated mortality coverage of at least 
85% (most of them greater equal 90%).

For each cause, country, sex, and calendar year, we 
derived age- specific rates for 4 age groups (<1, 1- 4, 5- 9, 
10- 14  years), and then computed the age- standardized 

mortality rates per 100,000 children based on the world 
standard population, and the 95% confidence intervals 
(CI) for the overall rates.19

For a subset of 12 selected countries with over 2 
million population aged 0- 14  years, with an adequate 
number of deaths during the studied period (ie, annual 
average deaths in 2015- 2017 over 50), we performed a 
joinpoint regression analysis20 on mortality trends for all 
neoplasms combined and the 2 most common cancers at 
these ages: leukemia and neoplasms of the CNS. We thus 
identified the time point(s) called joinpoint(s), when a 
change in the linear slope (on a log scale) of the temporal 
trend occurred, by testing from zero up to a maximum 
of 3 joinpoints. As a summary measure, we estimated the 
annual percent change (APC) for each identified linear 
segment and the weighted average APC (AAPC) over the 
entire studied period (1990- 2017).21,22

RESULTS
Table  1 shows the age- standardized mortality rates (at 
age 0- 14 years) from all childhood neoplasms, leukemia, 
and neoplasms of the CNS per 100,000 children (overall 
and stratified by sex) in 20 selected countries from the 
Americas and Australasia, in the triennia 2005- 2007 and 
2015- 2017, the average yearly deaths of the latest period, 
and the corresponding percent change in rates. Figure 1 
shows bar plots with rates of the latest period ordered 
from the highest to the lowest for boys, girls, and both 
sexes combined (with 95% CIs for the overall rates).

Overall rates were highest in Latin American coun-
tries, in particular Cuba, Mexico, and Colombia (over 4.5 
per 100,000) and lowest in North America, Oceania, and 
Israel (below 2.5 per 100,000).

Among boys, mortality rates from all neoplasms de-
clined from 2005- 2007 to 2015- 2017 in most countries 
considered, except Colombia, Costa Rica, Cuba, Australia, 
and New Zealand. The highest mortality rates in 2005- 
2007 were registered in Colombia, Cuba, Mexico, and 
Venezuela (rates over 5 per 100,000), whereas the low-
est ones were in Australia (2.5 per 100,000), Canada, the 
United States, and Japan (2.8 per 100,000). Similarly, 
in 2015- 2017, the highest rates were observed in Latin 
American countries, reaching rates over 5 per 100,000 in 
Colombia (5.4), Cuba (5.9), and Mexico (5.2), whereas 
the lowest ones were reported in Japan (2.2), Israel, the 
Republic of Korea (both 2.4), Australia (2.5), and North 
America (2.5 in the United States and 2.6 in Canada). 
Among girls, all neoplasms mortality rates declined 
during the decade considered in most countries, ex-
cept in Chile, Costa Rica, and Panama. Mortality rates 
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Figure 1. Bar plots of age- standardized (world population) mortality rates (ASMRs) per 100,000 children (aged 0- 14 years) from all 
neoplasms, leukemia, and neoplasms of the central nervous system (CNS) in boys and girls separately and combined, ordered from 
the highest to the lowest rate around 2016 (2015- 2017).
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in 2005- 2007 ranged between over 2.0 and almost 5.0 
per 100,000, with the highest rates in Colombia (4.6), 
Cuba (4.2), Mexico (4.9), and Venezuela (4.5), and the 
lowest ones between 2.3 to 2.5 per 100,000, in Canada, 
the United States, Uruguay, Hong Kong, Israel, Japan, 
and Australia. In 2015- 2017, the highest rates were 
 reported in Colombia (4.3), Mexico, and Panama (4.6 
per 100,000), whereas the lowest ones in countries from 
North America and Australasia, with rates approximately 
2 per 100,000 girls.

Leukemia mortality rates in boys decreased during 
the studied decades in most countries with some excep-
tions, including Brazil, Costa Rica, Guatemala, Panama, 
and Australia. In 2005- 2007, the rates ranged from 0.4 
in Australia, followed by Canada, the United States, 
and Japan (0.6- 0.8 per 100,000) to 2.5 per 100,000 in 
Mexico, followed by Colombia (2.4 per 100,000) and 
Venezuela (2.0 per 100,000). Similar figures emerged 
during the most recent period considered, with the 
highest rates in Colombia, Costa Rica, Guatemala, and 
Mexico (2.0- 2.3 per 100,000) and the lowest ones in 
Canada, the United States, Japan, and Australia (0.5- 
0.6 per 100,000). In girls, leukemia mortality rates 
decreased in most countries, except in Brazil, Cuba, 
and Panama. Rates in 2005- 2007 varied between 0.5- 
0.6 per 100,000 in North America, Israel, Japan, and 
Australia and 2.2 per 100,000 in Mexico. The highest 
mortality rates in 2015- 2017 were registered in Mexico 
and Panama (2.1 per 100,000), whereas the lowest 
mortality rates in North America and most Australasian 
regions were 0.4- 0.6 per 100,000 girls.

Mortality rates from CNS neoplasms among boys 
decreased in some countries, including the United States, 
Argentina, Brazil, Guatemala, Israel, and the Republic 
of Korea, but not in others. Over the decade consid-
ered, the highest death rates were reported in Cuba 
(1.5 per 100,000 in 2005- 2007 and 1.7 per 100,000 
in 2015- 2017), whereas the lowest were in Guatemala 
and the Republic of Korea (0.65- 0.9/100,000 in 2005- 
2007 and 0.6- 0.7/100,000 in 2015- 2017), as well as in 
Japan (0.85/100,000 in both calendar periods). In girls, 
mortality rates from neoplasms of the CNS decreased in 
most countries, with the exceptions of Chile, Colombia, 
Guatemala, and Mexico. In 2005- 2007, rates ranged 
from 0.5 per 100,000 in Guatemala, 0.8 per 100,000 
in Japan, 0.9 per 100,000 in Canada and the United 
States, 1 per 100,000 in Mexico and Australia, to 1.2 
per 100,000 in Argentina and Hong Kong. During the 
most recent period, the highest rates were registered in 
Chile and Colombia (~1.2/100,000) and the lowest 

ones in countries from Australasia (0.5- 0.8/100,000), 
as well as in Guatemala.

Figure 2 shows the trends in age- standardized mor-
tality rates (dots) and corresponding joinpoint models 
(lines) for all neoplasms for 12 major countries from the 
Americas and Australasia over the 1990- 2017 period. 
Corresponding trends for leukemia and neoplasms of the 
CNS are shown in Figure 3. The estimates of the APCs 
and AAPCs obtained from the joinpoint analysis are re-
ported in Table 2.

Total childhood cancer mortality showed favorable 
trends in both sexes, except in Brazil, Colombia, and 
Mexico, where the trend was stable or rising slightly. 
Rates in Mexican boys decreased since the early 2000s 
(APC: −0.7% since 2001). The most favorable patterns 
were in the Republic of Korea (APC: −3.5% in both 
sexes), Australia (APC: −2.8% in boys and −2.5% in 
girls) and Japan (APC: −2.6% in boys and −2.2% in 
girls), but also in North America, where rates dropped 
annually by 1.8% in boys and 1.6% in girls in Canada, 
and by approximately 1.8% and 1.4%, respectively, in 
the United States. A favorable pattern also emerged in 
Chile (APC: −1.9% in boys and −.6% in girls) and 
in Cuban girls (APC: −1.3%) though rates were too 
sparse.

Childhood leukemia mortality showed favorable 
trends in both sexes and most countries considered, ex-
cept in Brazilian and Colombian boys, where the trends 
were stable over time. Rates in Mexico increased until 
2000 (APC: +1.8% in boys and +1.5% in girls) and 
declined thereafter (APC: −0.9% in boys and −0.7% 
in girls since 2000). The most favorable patterns were in 
North American and Australasian countries. The great-
est declines were reported in Australia (by 5.1% per year 
in boys and 4.9% per year in girls), followed by Japan 
and the Republic of Korea (APCs: −4.1% and −4.5%, 
in boys, respectively, and −3.9% and −4.3% in girls), as 
well as in Canada and the United States (APCs: −3.5% 
and −3% in boys, respectively, and −2.8% and −2.4% 
in girls).

Trends in CNS neoplasms mortality were less clear. 
However, favorable patterns were observed in some coun-
tries, including the United States, Chile (in boys), Japan, 
and the Republic of Korea, with the greatest AAPCs 
approximately −3% in Korea in both sexes. Stable or 
less- favorable trends emerged in the other countries, par-
ticularly in Colombia and Mexico.

Supporting Table 1 gives the age- standardized mor-
tality rates from the other less common childhood cancers: 
liver, bone and cartilage, connective and soft tissue, kidney 
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Figure 2. Trends in age- standardized mortality rates (ASMRs; dots: full for boys and empty for girls) and corresponding joinpoint models 
(lines) for all neoplasms for 12 major countries from the Americas and Australasia over the period 1990- 2017 according to data availability.
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Figure 3. Trends in age- standardized mortality rates (ASMRs; dots: full for boys and empty for girls) and corresponding joinpoint 
models (lines) for leukemia and neoplasms of the central nervous system (CNS) for 12 major selected countries over the period 
1990- 2017 according to data availability.
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and other urinary organs, eye, NHL, ALL, and AML in 
selected countries from American and Australasian areas 
in the calendar periods 2005- 2007 and 2015- 2017, and 
the annual average deaths of the latest period.

DISCUSSION
Childhood cancer mortality trends continued to be favora-
ble during the last 2 to 3 decades in high- income coun-
tries, with declines by approximately 2% to 3% per year 
in Japan, Korea, and Australia, and 1% to 2% in North 
America and Chile as well. A downward trend was also 
observed in Argentina and a slight improvement emerged 

among Mexican boys since 2001, whereas no substantial 
changes were found in the other Latin American countries. 
Deaths from leukemia and CNS neoplasms accounted for 
over 60% of all cancer deaths in children. The declining 
trend in total cancer mortality was mostly driven by a 
marked decline in leukemia mortality. In North America, 
the declines in rates from leukemia were driven by ALL, 
whereas in Latin America the recorded declines were driven 
by AML (Supporting Table 1). This may be because of 
the increasing fraction of induction deaths in acute leuke-
mia in developing countries, which require well- equipped 
centers with better supportive cancer care guidelines.23 

TABLE 2. Joinpoint analysis for all neoplasms, leukemia, and neoplasms of the CNS from 1990 to 2017 
(according to data availability) by country and sex

Boys Girls

Trend 1 APC 1 Trend 2 APC 2 AAPC Trend 1 APC 1 Trend 2 APC 2 AAPC

All neoplasms
Canada 1990- 2017 −1.8* −1.8* 1990- 2017 −1.6* −1.6*
United States 1990- 1998 −2.7* 1998- 2017 −1.4* −1.8* 1990- 2017 −1.4* −1.4*
Argentina 1990- 2017 −1* −1* 1990- 2017 −1* −1*
Brazil 1990- 2017 0.2* 0.2* 1990- 2012 0.6* 2012- 2017 −1.9 0.1
Chile 1990- 2017 −1.9* −1.9* 1990- 2017 −1.6* −1.6*
Colombia 1990- 2017 0.3* 0.3* 1990- 2017 0.3 0.3
Cuba 1990- 2017 −0.4 −0.4 1990- 2017 −1.3* −1.3*
Mexico 1990- 2001 1* 2001- 2017 −0.7* 0 1990- 2017 0 0
Venezuela 1990- 2014 −0.4 −0.4 1990- 2014 −0.4 −0.4
Japan 1990- 2017 −2.6* −2.6* 1990- 2017 −2.2* −2.2*
Republic of 

Korea
1995- 2017 −3.5* −3.5* 1995- 2017 −3.5* −3.5*

Australia 1990- 2017 −2.8* −2.8* 1990- 2017 −2.5* −2.5*
Leukemia

Canada 1990- 2017 −3.5* −3.5* 1990- 2017 −2.8* −2.8*
United States 1990- 2017 −3* −3* 1990- 2017 −2.4* −2.4*
Argentina 1990- 2017 −1.6* −1.6* 1990- 2017 −1.3* −1.3*
Brazil 1990- 2017 0.2 0.2 1990- 2017 0 0
Chile 1990- 2017 −1.8* −1.8* 1990- 2017 −2.1* −2.1*
Colombia 1990- 2017 −0.1 −0.1 1990- 2017 −0.8* −0.8*
Cuba 1990- 2017 −0.4 −0.4 1990- 2017 −1.7* −1.7*
Mexico 1990- 2000 1.8* 2000- 2017 −0.9* 0.1 1990- 2000 1.5* 2000- 2017 −0.7* 0.1
Venezuela 1990- 2014 −1* −1* 1990- 2014 −1.1* −1.1*
Japan 1990- 2017 −4.1* −4.1* 1990- 2017 −3.9* −3.9*
Republic of 

Korea
1995- 2017 −4.5* −4.5* 1995- 2017 −4.3* −4.3*

Australia 1990- 2017 −5.1* −5.1* 1990- 2017 −4.9* −4.9*
Neoplasms of the CNS

Canada 2000- 2017 0.3 0.3 2000- 2017 0 0
United States 1999- 2017 −0.5 −0.5 1999- 2017 −1* −1*
Argentina 1997- 2017 −0.4 −0.4 1997- 2017 −0.8 −0.8
Brazil 1996- 2017 0.8* 0.8* 1996- 2017 0.8* 0.8*
Chile 1997- 2017 −2* −2* 1997- 2017 0 0
Colombia 1997- 2017 2* 2* 1997- 2017 2.3* 2.3*
Cuba 2001- 2017 1.2 1.2 2001- 2017 0.3 0.3
Mexico 1998- 2017 0.9* 0.9* 1998- 2017 1.2* 1.2*
Venezuela 1996- 2014 1.6 1.6 1996- 2014 1.1 1.1
Japan 1995- 2017 −1.1* −1.1* 1995- 2017 −0.9* −0.9*
Republic of 

Korea
1995- 2017 −2.9* −2.9* 1995- 2017 −3.1* −3.1*

Australia 1998- 2017 −0.8 −0.8 1998- 2017 −1.7 −1.7

Abbreviations: AAPC, average annual percent change; APC, annual percent change; CNS, central nervous system.
*Significantly different from 0 (p < 0.05).
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However, some degree of misclassification is possible, as 
well as issues of random variation caused by a low number 
of deaths. Less favorable trends were registered for neo-
plasms of the CNS, particularly in Latin America.24 In the 
United States, Canada, Japan, and Australia, death rates 
from neoplasms of the CNS were higher than those from 
leukemia, reflecting the lack of substantial improvements 
in the treatment of these malignancies, even in high- 
income countries.24 In contrast, leukemia remained the 
main cause of childhood cancer deaths in Latin American 
countries— likely as a consequence of delays in diagnosis 
and lack of access to advanced treatments, as well as treat-
ment discontinuation.3,8,25 Moreover, children with can-
cer from several Latin American countries must often be 
referred to universal health care systems in places far from 
their place of residence.25

Childhood cancer mortality rates in countries from 
North America and Australasia are comparable or even 
more favorable to those registered in Western Europe, 
whereas most Latin American countries still showed rates 
higher than those of Central- Eastern European countries, 
the area with the highest rates in Europe.12

The encouraging trends in childhood cancer mor-
tality observed during the last decades in the countries 
included in this analysis are largely based on important ad-
vancements in effective therapies. Childhood cancer sur-
vival estimates vary broadly among countries worldwide. 
Globally, survival estimates showed a 70% gap between 
high-  and low- income countries, with the best 5- year– net 
survival being over 80% in North America, comparable 
with several, but not all European countries.24,26,27 In 
most of Latin America, pediatric cancer registers are still 
in the development stage, and for some countries reliable 
survival estimates are difficult to obtain.28

The countries included in this study have different 
health care systems, and childhood cancer mortality and 
survival are important indicators of the quality and eq-
uity of the national health care system.29,30 The socioeco-
nomic context and the widespread inequalities in low-  and 
middle- income countries do not allow for the provision 
of all citizens with adequate care; a low socioeconomic 
status can limit access to accurate diagnosis and effec-
tive treatment.6,31 This is particularly true for leukemia, 
which requires up- to- date and long- term treatments that 
families in a low socioeconomic context cannot afford.32 
In fact, higher mortality was reported among children 
born in a lower socioeconomic status, both in high-  and 
low- /middle- income countries.31,33- 36

Most childhood cancer trends in Latin American 
countries were not encouraging, however there were a 

few exceptions. Among these, the most favorable pat-
tern emerged in Chile, and has been largely  related 
to an efficient pediatric- oncology care program 
 implemented recently.30,37 Survival in that country 
 approximates that of the United States.24,37 Despite 
the economic difficulties that Argentina has faced over 
the last 2 decades and the following cutbacks in pub-
lic expenditures, recent mortality data are promising, 
 although the absolute values remain comparably high.38 
The increasing attention toward pediatric oncology, as 
reflected by a well- organized national population- based 
registry implemented in the late 1990s, has likely been 
contributing to the improved management of child-
hood cancers.28,39 Mexico presented in the past increas-
ing mortality trend(s) from childhood cancers, which 
started to decline since the early 2000s. This is, in large 
part, the result of changes in medical health care after 
the health care reform in 2003 and the Popular Medical 
Insurance launched in 2005, aimed to develop a na-
tional standardized program of multidisciplinary care, 
particularly for childhood cancers.13,40 The unfavorable 
trends in Brazil could be explained by an improvement 
in diagnostic ability and certification, as shown by the 
remarkable decrease in mortality caused by ill- defined 
causes observed since the mid- 1990s (Supporting 
Fig. 1).

Mortality rates depend on both incidence and sur-
vival, but the observed heterogeneity across different areas 
of the world is more likely caused by low survival. In most 
Latin American countries, in fact, the incidence of leuke-
mia and CNS tumors is similar or slightly lower, possibly 
due to differences in registration in those countries as op-
posed to North America and Australasia, where survival 
is substantially higher. Incidence can be influenced by 
changes in diagnostic ability and registration, and the scar-
city of cancer registries in low-  and middle- income coun-
tries may result in the underreporting of new cases.6,13,40 
Mortality data can be affected by variability in coding and 
death certification across calendar periods and countries. 
However, our data were based on official national official 
sources, and we restricted our analysis to countries with 
satisfactory death- certification coverage and a meaning-
ful numbers of cases to improve validity and consistency 
across the countries considered. Underreporting could 
have somewhat affected the estimates for some countries. 
For example, it could be a reason of the lowest mortality 
rate from CNS tumors observed in Guatemala. However, 
we do not have evidence to confirm this hypothesis.

Our up- to- date analysis of childhood cancer mor-
tality confirms the persisting improvement of outcomes 
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in pediatric oncology in high- income countries based 
on important advances in management and treatment. 
These same mortality reductions should also be achiev-
able in middle- and low- income countries, including most 
of Latin America.
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